Abstract Bizarre parosteal osteochondromatous proliferation (BPOP) also eponymically called ''Nora's lesion'', is a rare benign reactive bone lesion first reported in 1983. BPOP occurs classically on the bones of the hands and feet and long bones. This lesion can easily be confused, both clinically and microscopically, with other benign and malignant lesions of bone, including osteochondroma, parosteal osteosarcoma, myositis ossificans and reactive periostitis. BPOP has been reported to have a high rate of recurrence. Only 3 cases of BPOP of the head and neck have been reported in the literature, of which one involved the maxilla. We present a rare case of BPOP involving the mandible in a 10 year old African American male. Microscopically, a fibro-cartilaginous cap giving rise to a proliferation of variably mineralized osteophytic fingerlike projections of bone was seen. Multiple trabeculae of ''blue bone'' were noted as well as numerous atypical appearing chondrocytes. The lesion recurred within 4 months following the initial excision but has not recurred to date after the second local excision. To the best of our knowledge, this is the first report of BPOP arising in the mandible. In addition, we discuss the clinical and microscopic features, differential diagnosis, and prognosis of this rare entity. We present a case of BPOP of the mandible and believe this is the first report of such a case in the mandible.
Introduction
Bizarre parosteal osteochondromatous proliferation (BPOP) was first described by Nora et al. [1] in 1983 in which 35 histologically and radiographically distinctive bony lesions involving the proximal phalanges, metatarsals, or metacarpals were reported. The authors believed this lesion was a reactive process. Since then several other authors have reported this lesion on the skull and long bones (including humerus, ulna, radius, fibula, and femur) [2, 3] . These lesions arise in the periosteum and histologically resemble osteochondroma or osteosarcoma. BPOP typically presents as a broad based calcific mass attached to the underlying cortex [1] [2] [3] . The pathogenesis of BPOP is not clearly understood; however, most reports consider the lesion to be reactive in nature [4] [5] [6] . BPOP has been reported to exhibit a high recurrence rate after surgical resection [1, 3, 7, 8] . Microscopically BPOP demonstrates three distinct zones, including: (1) a hypercellular cartilage with calcification and ossification that demonstrates a characteristic basophilic staining pattern (''blue bone''); (2) central portions with variably mineralized and calcified osteophyte like bone; and (3) a spindle cell predominant stroma [2] . Some of these features may lead to a mistaken diagnosis of parosteal osteosarcoma [2, 3] . The microscopic differential diagnosis includes both benign and malignant processes including osteochondroma, parosteal osteosarcoma, myositis ossificans, and florid reactive periostitis. We document a rare case of BPOP of the mandible in a 10-year-old African American male. The lesion was conservatively excised only to recur within a month. This is the first report of BPOP of the mandible and furthermore, only three cases to date have been reported in the bones of the head and neck.
Case Report
A 10-year-old African American male presented to our dental clinic for evaluation of a bony hard mass on the right lower jaw. Clinical examination revealed a bony protrusion located in the non-attached gingiva and vestibule near the mandibular right canine and first pre-molar. The lesion was asymptomatic but had been enlarging gradually to cause stretching of the overlying mucosa and was esthetically displeasing to the patient and his parents (Fig. 1a, b) . The lesion was present for an unknown duration (Fig. 1c) . A mandibular occlusal radiograph revealed a well-defined osseous growth with density approximating that of cancellous bone. The opacity appeared to be projecting laterally from the buccal cortical plate in the region of the right mandibular canine and first bicuspid. The base of the lesion was not clearly visible, as the partially erupted canine was superimposed upon the base (Fig. 1c) . The clinical impression was bony exostosis and surgical removal was planned. A mucosal flap was laid and the lesion was completely exposed and found to be arising from the mandibular bone immediately subjacent to the right mandibular first premolar. Two partially erupted premolar teeth were seen in the vicinity. During excision it was felt that the lesion did not affect the cortical bone. The bony mass was easily removed and submitted for microscopic examination. Gross examination revealed a tan brown nodular hard tissue mass measuring 0.7 9 0.7 9 0.7 cm (Fig. 2a, b) . The tissue was decalcified and microscopic examination revealed an unusual proliferation of variably mineralized and calcified bone surfaced on one end by a fibrocartilagenous rim and surrounded by vascular fibrous connective tissue. Numerous osteophytic finger-like projections of bone were noted extending downward from the cartilaginous cap. These bony trabeculae exhibited variable mineralization and osteocytes within lacunae and were rimmed by prominent plump osteoblasts. Prominent resting and reversal lines were seen throughout these bony trabeculae (Fig. 2c) . Subjacent to the cartilaginous cap, multiple trabeculae of partially calcified and mineralized ''blue bone'' was noted. Intermixed within this cartilaginous area were numerous atypical appearing pleomorphic chondrocytes (Fig. 2d) . The intervening connective tissue was highly vascular and demonstrated numerous dilated and engorged vascular channels and scattered inflammatory cells and fibroblasts. Occasional multinucleated osteoclastic giant cells were also seen within the framework. Although no osteoid formation was noted, osteochondroma and parosteal low-grade osteosarcoma were considered in the differential diagnosis. After further review of the slides, taking into consideration the clinical and radiographic presentation, a diagnosis of BPOP was rendered. The patient was placed under close follow up due to the known recurrence potential of these lesions. The patient reported back to the dental clinic within 5 weeks with a recurrent but smaller mass. The patient was scheduled with the oral surgery department and a cone-beam volumetric computerized tomographic scan (CT scan) was performed (Fig. 3a) . The radiographic findings of the recurrent lesion were identical to the initial presentation. The base of lesion was better visible and minor disruption of the crestal third of the buccal cortical margin was observed. The lesion was excised by circumferential osteotomy under local anesthesia (Fig. 3b, c) . The bone around the lesion extending to the roots of the mandibular right canine and first premolar was removed as well. The mental nerve was visualized during surgery and appeared to be intact. The recurrent lesion along with associated bone measured 1.3 9 1.0 9 0.7 cm.
Microscopic examination revealed features very similar to the primary lesion except for the cartilaginous cap which was absent (most likely lost during surgery). No features of malignancy were noted. The patient was followed closely and at approximately 1 year follow-up no further recurrence was noted. The patient remains asymptomatic.
Discussion
Nora et al. in 1983 reported 35 cases, from the archives of the Mayo Clinic, of unusual peripheral skeletal osteochondromatous lesions on the bones of the hand and feet with distinctive histopathologic and radiographic features. These lesions were seen over a wide age range with no sex predilection. The patients had no history of trauma or infection. Only 5 of the 35 lesions reported were seen in the tarsal or metatarsal bones, while the other 30 were seen in the carpals and metacarpal bones of the hands [1] . The primary treatment was surgical excision and the main preoperative diagnosis was osteochondroma. Of the 35 lesions, 18 recurred and of these 8 recurred more than once. The time between first excision and recurrence ranged from 2 months to 2 years. Second recurrences were noted 3-13 years after second excision. No deaths or metastasis related to the lesions were reported [1] .
Since the first report by Nora et al. in 1983, many authors have reported this lesion in various bones throughout the skeletal system including the bones of the hands and feet, and the radius, ulna, fibula, femur, tibia, and humerus. One case each has been reported on the parietal bone of the skull, anterior maxilla, and the zygoma [2, 9, 10] . Meneses et al. [3] reviewed the largest series of BPOP from the archives of the Mayo clinic, including some originally reported by Nora et al. [1] . Of the cases in the bones of the head and neck, Shakib et al. [9] reported BPOP in a 31-year-old Afghani male where the lesion was present for 8 months before the patient sought treatment. The lesion (2 9 1.5 cm) was asymptomatic and the presenting complaint was the presence of swelling. There was no previous history of trauma or infection in the area. A CT scan on the bone demonstrated a bony protrusion with no destruction of the underlying bone and only minor surface irregularity. The microscopic examination demonstrated the features of BPOP, including dense bone with endochondral ossification, lack of bony continuity with the medullary space, and mild degree of cellular atypia. The lesion did not recur within 2 years of available follow-up information. Another case reported by Shankly et al. [10] on the maxilla is the only case to date of BPOP involving the jaw bones. This lesion occurred in a 2-year-old female and presented as an asymptomatic enlargement of the palatal gingiva lingual to the primary central incisors. The lesion had been present for 4 months and measured 4 9 5 mm. The patient presented with a diastema between the maxillary central incisors caused by the enlarging lesion but no mobility of the involved teeth was noted. Occlusal radiographs did not clearly demonstrate any involvement of the underlying bone. The radiographic density was similar to trabecular bone. A preoperative diagnosis of ossifying fibroma was considered. During surgery, the maxillary cortex was found to be extremely thin. The lesion was removed along with the two central incisors, but the base of the lesion was left in situ. Microscopic examination reported by the authors was identical to previously reported cases of BPOP. The lesion recurred after 9 months possibly due to the incomplete excision. During the second definitive surgery, the lesion appeared to be well circumscribed and separated easily from the underlying bone. The histopathologic features of the recurrent lesion were similar to the primary lesion, except for the fact that the lesion was enclosed by a fibrous capsule without attachment to the underlying cortex. Another lesion in the head and neck was reported by Meneses et al. [3] involving the parietal bone of the skull. In this large case series, Meneses et al. [3] reported that 9 of the patients reported a history of trauma to the affected area, with 3 cases also reporting a history of pain. This association with trauma was also seen in the skull case. The demographic information was not reported in this review. No case with more than one lesion has been reported to date.
The most interesting aspect of BPOP are the radiographic and microscopic features which may be confused with several other osteochondromatous lesions, including both benign and malignant entities, such as osteochondroma, low grade parosteal osteosarcoma, myositis ossificans, and florid reactive periostitis. As the name implies, BPOP has an osteochondroma-like configuration. Radiographically, BPOP has a typical ''stuck on'' appearance, and lacks the cortical and medullary continuity seen in osteochondroma [11] . Osteochondroma, on the other hand, presents with a narrow or broad-based stalk that merges directly with the underlying cortex and medullary cavity [12] . Histopathologically, both lesions are covered peripherally by a cartilaginous cap; however, none of the atypical features, such as bizarre, binucleated, and enlarged chondrocytes, prominent proliferative activity, or irregular osteocartilagenous interface are seen in osteochondromas [12, 13] . The bony trabeculae are oriented at ninety degrees in osteochondromas [13] , while BPOP demonstrates an irregular orientation of the trabecular bone, which also has a characteristic ''bluish'' appearance [11] . Low-grade parosteal osteosarcoma can also have features similar to BPOP both histologically and radiographically, although parosteal osteosarcomas are exceedingly rare in the small bones of the hands and feet. Parosteal osteosarcomas very commonly contain either a cartilage cap or islands of cartilage deeper within the tumor; however, this low-grade variant of osteosarcoma typically contains relatively mature bone deposited in an organized, variably cellular fibrous stroma. BPOP, on the other hand, displays the typical ''blue bone'', especially at the interface with cartilage [3] . BPOP tend to exhibit a modest rate of recurrence based on previous reports in the literature. Usually recurrences manifest between 2 months and 2 years [1, 3, 8] . The presence of cartilage is not uncommon in parosteal osteosarcoma and typically is seen either superficially or deep within the lesion [12] . Radiographically, parosteal osteosarcoma arise from the outer layer of the periosteum and are often separated from the underlying cortex by a thin radiolucent cleft. Although they appear well-circumscribed, careful examination often reveals infiltration of the surrounding soft tissues. Higher stage lesions may also erode cortical bone [14] and can cause periosteal elevation [15] . Although one case of BPOP with infiltration and periosteal elevation has been reported, it is considered to be an extremely rare finding [16] . Rybak et al. in 2007 reported four cases of BPOP with radiographic evidence of medullary involvement but these cases were histologically proven to represent BPOP.
Myositis ossificans is a benign reactive lesion and may be considered in the radiographic differential diagnosis of BPOP. A periosteal reaction can often be observed radiographically in the bone subjacent to myositis ossificans [3] . Myositis ossificans is primarily a soft tissue lesion which is clinically easily distinguished from BPOP since it typically presents with pain and is precipitated by previous injury or infection [17] . Dorfman and Czerniak also propose that reactive lesions adjacent to the bone surface such as myositis ossificans share the same pathogenesis as reactive lesions of the bone surface and may develop a cortical attachment in the later stages [17] .
Florid reactive periostitis, another lesion considered in the differential diagnosis of BPOP, demonstrates a periosteal reaction and juxtacortical soft tissue calcification [13] which is not seen in BPOP. Some authors have also suggested that BPOP may actually represent an intermediary stage between florid reactive periostitis and acquired osteochondroma that is either subungual or the so-called ''turret'' exostosis of the phalanges [17] .
Periosteal osteosarcoma was not included in the differential diagnosis since radiographically it typically demonstrates soft tissue invasion with ''sunburst'' appearance and histologically resembles chondroblastic osteosarcoma [18] .
Recent studies investigating the cytogenetics of BPOP have reported a t(1;17) (q32;q31) mutation [4] , which indicates that BPOP may be a neoplastic process, while Teoh et al. reported a pericentric inversion of chromosome 6 between bands 6p25 and 6q15 and a paracentric inversion of the long arm of chromosome 7 between bands 7q22.1 and 7q31.3 [5] . This indicates that BPOP may arise due to more than one mutation or chromosomal disturbance. Zambrano et al. also compared 3 cases of subungual exostoses to 2 cases of BPOP histologically and cytogenetically and indicated that both lesions represent neoplastic entities and are not reactive proliferations [6] .
The treatment of choice in BPOP is surgical excision with close follow up [19] . It is also recommended that any abnormal adjacent tissues should also be removed [19] . Wide resection is not recommended as it might impair function, especially in the hand and feet. BPOP demonstrates a fairly high rate of recurrence, ranging from 29 to 55% within a 2 year interval [1, 3, 8] . In Nora et al's. [1] initial report, 18 of 35 cases (51%) recurred while Meneses et al. [3] and Dhont et al. [8] reported recurrence rates of 55 and 29%, respectively. To date only one case of malignant transformation in BPOP has been reported by Choi et al. [20] , although it is not clear from their report whether BPOP underwent transformation to fibrosarcoma or there were two distinct entities arising in the same location. No cases of metastasis of BPOP have been reported. Michelsen et al. indicated that BPOP should be considered a neoplastic rather than a reactive process based on the atypical cellular features often found in the biopsy samples [11] . On the other hand, Horiguchi et al. reported a fibroblastic growth factor expressed by all chondrocytes in BPOP and a vascular endothelial growth factor secreted only by the large chondrocytes at the interface between the cartilage cap and bone, which suggests a reparative process since it mimics the process of endochondral ossification [21] .
